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Abstract (242 words) 22 
Purpose:  Variability in central macular pigment optical density (MPOD) has been 23 
reported amongst healthy individuals. These variations seem to be related to risk 24 
factors of age-related macular degeneration, such as female gender, smoking, and 25 
ethnicity. This study investigates the variations in MPOD spatial profiles amongst 26 
ethnicities.  27 
Methods: Using heterochromatic flicker photometry (HFP), MPOD was measured at 28 
7 retinal locations in 54 healthy young South Asian and 19 White subjects of similar 29 
age. Macular pigment spatial profiles were classified as either typical ‘exponential’, 30 
atypical ‘ring-like’ or atypical ‘central dip’.  31 
Results: Central MPOD was significantly greater in South Asian (0.56 ± 0.17) 32 
compared to White subjects (0.45 ± 0.18; P = 0.015). Integrated MPOD up to 1.8° 33 
i.e. MPODav(0-1.8) was also significantly increased in Asian (0.34 ± 0.09) versus 34 
White subjects (0.27 ± 0.10; P = 0.003). MPODav(0-1.8) was significantly increased 35 
in all subjects presenting a ring-like profile (0.35 ± 0.08) or central dip profile (0.39 ± 36 
0.09),  compared to typical exponential profiles (0.28 ± 0.09; P < 0.0005). We found 37 
a statistically significant association between ethnicity and spatial profile type (P = 38 
0.008), whereby an exponential profile was present in 79% of White compared to 39 
41% of the South Asian subjects.  40 
Conclusion: Central MPOD, MPODav(0-1.8), and the prevalence of atypical spatial 41 
profiles were significantly increased in South Asian compared to White subjects. 42 
Atypical profiles resulted in increased integrated MPOD up to 1.8° and may therefore 43 
offer enhanced macular protection from harmful blue light. 44 
45 
 3 
Introduction 46 
The spatial profile of macular pigment (MP) optical density has been shown to 47 
vary considerably amongst subjects. The optical density of MP, measured in log 48 
units, typically peaks centrally and declines sharply with eccentricity away from the 49 
foveola.1-3 Central MP optical density (MPOD) has been reported to be lower with 50 
age,4 smoking,5 in the presence of inflammation promoting conditions (e.g. 51 
diabetes),6 in females7 and in the presence of light iris colour.8, 9 Previous studies 52 
described MP spatial profiles with either a single peak decaying exponentially,2, 10, 11 53 
a central dip i.e. without a central peak,10, 11 or exhibiting a secondary peak up to 2° 54 
eccentricity also referred to as a subpeak, shoulder, bi-modal or ring-like structure.2, 55 
10
 Using psychophysical heterochromatic flicker photometry (HFP), Hammond et al. 56 
found that the MP distribution of 32 Caucasian subjects was best described by an 57 
exponential fit.2 However, the authors also discovered that about 40% of subjects 58 
presented secondary subpeaks (defined as increments greater than 0.05 optical 59 
density units from the exponential fit) at 1° and 2°. More recent studies have shown 60 
similar bimodal MP spatial profiles in a significant proportion of subjects.10, 12-15 The 61 
prevalence of a parafoveal ring was also shown in 20-50% of subjects when using 62 
objective autofluorescence imaging (AFI) techniques.10, 15-17 Moreover, using AFI, the 63 
frequency of ring-like profiles was found to be significantly greater in females and in 64 
non-smokers,15, 16 and in healthy subjects (43%) compared to patients with age-65 
related maculopathy (23%).15 Similar findings have also been demonstrated in 66 
ethnicities with a low prevalence of age-related macular degeneration (AMD), 67 
whereby 86% of African subjects presented with secondary peaks versus 68% non-68 
Hispanic white subjects.17 However, it was also suggested that the lack of a central 69 
peak could possibly have an adverse effect on the protective role of MP in AMD, as 70 
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the prevalence of a central dip has been found to increase with age and smoking in 71 
Caucasian subjects.11  72 
Several studies have investigated ethnic differences in central MPOD.14, 17-21 73 
White subjects presented significantly lower mean central MPOD compared to South 74 
Asian,18 African,17, 19 and non-White subjects including Asian, Black and Hispanic 75 
ethnicities.14 However, the central MPOD of White subjects did not differ greatly 76 
compared to Chinese subjects.21 Additionally, in a study where darker iris colour was 77 
linked to increased average MPOD over the central 1° area, the results implied that 78 
central MPOD was not related to ethnicity. However, possible differences in MP 79 
density due to race were minimized as only a small percentage of non-Caucasian 80 
(Asian and African-American) subjects were included.9 Published data on MPOD 81 
variations between South Asian (from India, Pakistan, and Bangladesh) and White 82 
subjects is limited.2, 9, 14, 18 Using the HFP technique, Howells et al. reported a 83 
significantly increased mean central MPOD in South Asian (0.43 ± 0.14 log units) 84 
versus White subjects (0.33 ± 0.13 log units; P < 0.0005), with increased MPOD in 85 
the Asian males compared to Asian females (P < 0.01).18 This was not true for the 86 
White subjects: while the males presented with lower central MPOD, this was not 87 
statistically significant (P = 0.39). Less is known about the ethnic differences in the 88 
distribution of MP away from the fovea. A study by Hammond et al. found that MPOD 89 
distribution was not related to ethnicity.2, 9 Nolan et al. also reported no association 90 
between the prevalence of a ring-like profile and ethnicity.14 However, both studies 91 
included limited numbers of non-White subjects (including South Asian) in 92 
comparison to the White group. To our knowledge, this is the first comparison study 93 
to investigate the prevalence of MP spatial profiles amongst South Asian and White 94 
subjects. 95 
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 96 
Methods 97 
Macular pigment measurements 98 
MPOD was assessed using a visual display unit based Macular Assessment 99 
Profile (MAP) test.22 The MAP test uses heterochromatic flicker photometry (HFP) to 100 
measure MPOD at the centre of the fovea (0°) and at 6 other retinal locations (at 101 
0.8°, 1.8°, 2.8°, 3.8°, 6.8°, 7.8° eccentricity from the fovea). Like other tests 102 
employing HFP techniques, the MAP test is based on the spectrally selective 103 
properties of MP. Two beams of light are produced optically by the phosphors of the 104 
MAP test display unit. The test beam is composed of short wavelength (SW) blue 105 
light, peaking at ~450nm which is maximally absorbed in the central retina by MP. 106 
The reference beam is of a longer wavelength (LW) light that is not absorbed by the 107 
MP.23 A ‘notch’ filter is used in front of the test eye to increase the separation 108 
between the test and the reference beam. When the luminance of these wavelengths 109 
is not equal, a counter phased sinusoidal pattern is produced and the stimulus 110 
appears to flicker.1, 24 A larger difference in luminance yields a stronger sensation of 111 
flicker.  112 
The centre stimulus is a disc of 0.36° diameter. The peripheral stimuli are 113 
sectors of an annulus which are presented concentric to the fovea. Both the angular 114 
subtense and the width of the peripheral stimuli increase with eccentricity 22 to 115 
ensure greater flicker sensitivity in the peripheral retina. Although the test supports 116 
any selected meridian, all the measurements reported in this study were performed 117 
with the stimulus centred along the horizontal meridian. In addition, a static mirror 118 
symmetric stimulus was presented at the corresponding location in the visual field to 119 
minimize the subject’s tendency to saccade to the flickering peripheral target.  120 
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During the MAP test, the luminance of the test beam is altered until the 121 
perception of flicker is cancelled or minimized. In order to ascertain the range of 122 
luminance for which the perception of flicker is absent, the MAP test calculates a low 123 
and a high threshold using a double reversal technique. The average of the low and 124 
high values is computed to give the luminance of the test beam required to cancel 125 
the reference beam (the flicker null point). The test is repeated in a random order 126 
eight times (four high and four low thresholds) at each eccentricity and the average 127 
is calculated to give the mean luminance of the SW test beam required to achieve 128 
the flicker null point. MPOD is calculated by comparing the mean luminance 129 
adjustment of this SW light in the central retina to a reference point in the peripheral 130 
retina using the equation: 131 
 132 
MPOD =log10(Li/Lo) 133 
 134 
where Li is the mean luminance of the SW test beam at location i and Lo is the 135 
average of the test beam luminance of the 6.8° and 7.8° peripheral locations (where 136 
MP levels are thought to be negligible10).  137 
 138 
Study protocol 139 
The study took place at the Division of Optometry and Visual Science at City 140 
University London. Study data was collected from 54 Asian and 19 White 141 
participants between May 2008 and November 2010. The average age of the Asian 142 
participants was not statistically different from the average age of the White 143 
participants (P = 0.068). Ethnicity was self-reported as White or South Asian (born in 144 
India, Pakistan, or Bangladesh, or born in UK from Indian, Pakistani, or Bangladeshi 145 
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parents; hereafter referred to as Asian). All participants had LogMAR visual acuity 146 
greater than 0.3 log units in the eye being tested. Exclusion criteria were: ocular 147 
pathology including inflammation, AMD or cataract, (self-reported) pregnancy, 148 
current use of carotenoid supplementation and/or medication that may affect retinal 149 
function. Participants completed a lifestyle and health questionnaire, providing 150 
information about general and ocular health, use of medication, nutritional 151 
supplementation, and smoking history. Prior to using the MAP test, each participant 152 
was given a practice run of the 0°, 1.8° and 2.8° spatial locations. This provided a 153 
uniform introduction to the test and ensured complete dark adaptation. 154 
 155 
Classification of MP spatial profiles  156 
For each study participant, an exponential curve was fitted to the average 157 
absolute MPOD measurements at all retinal locations. The MP spatial profile 158 
presentation of each study participant was classified into typical exponential or 159 
atypical (non-exponential). The coefficient of repeatability (CoR), i.e. the average 160 
within-subject standard deviation (SD), was calculated from the eight repeated 161 
MPOD measurements at each eccentricity for both ethnicities. The exponential 162 
profile was classified by MPOD at 0°, 0.8° and 1.8° being within one CoR of the 163 
value predicted by the exponential curve. All others were assumed atypical. We sub-164 
classified our atypical group into ring-like and central dip profiles. Using the method 165 
described by Hammond et al.,2 a positive deviation greater than the MAP test CoR 166 
from the exponential curve at 0.8° and/or 1.8° was classified as a ring-like profile. A 167 
negative deviation from the exponential profile greater than the MAP test CoR from 168 
the exponential curve at 0° was considered to be a central dip profile (Figure 1).10  169 
170 
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Figure 1. Macular pigment optical density as a function of eccentricity for three 171 
participants: examples of exponential, ring and central dip profiles.  172 
All three graphs include the mean absolute MPOD values ± SD of 8 measurements 173 
at each eccentricity. The black dotted line represents the exponential curve fitting to 174 
the mean absolute MPOD values. The grey dashed lines represent the MAP test 175 
measurement error according to the subject’s ethnicity at each eccentricity from the 176 
exponential curve. Note the MPOD at 0.8° in the ring-like profile presents more than 177 
one coefficient of repeatability (CoR) above the expected exponential curve at 0.8°. 178 
The MPOD at 0° in the central dip profile shows more than one CoR below 179 
exponential curve.  180 
 181 
 182 
183 
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Average blue light transmittance (Tav) and average MPOD (MPODav)  184 
At each eccentricity measured by the MAP test, the transmittance (Ti) is a 185 
measure of the SW blue light-filtering capacity of the MP at location i and is given by:  186 
 187 
Ti = 10-MPODi 188 
 189 
The value of Ti was plotted against retinal eccentricity, and the trapezium rule was 190 
used to calculate the area under the curve (Tav), representing the integrated 191 
transmittance of the MP between eccentricities. Tav between 0° and 1.8° 192 
corresponding to a 3.6 diameter circular aperture was calculated using the formula: 193 
 194 
Tav(0-1.8) = 0.5(T0 + T0.8)(0.82-0) + 0.5(T0.8 + T1.8)(1.82-0.82) 195 1.82 196 
 197 
where T0 = 10-MPOD at 0°, T0.8 = 10-MPOD at 0.8°, and T1.8 = 10-MPOD at 1.8°. The value 198 
of Tav(0-1.8) was used to calculate an average integrated MPOD between 0° and 199 
1.8°: 200 
 201 
MPODav(0-1.8) = - log10 Tav(0-1.8) 202 
 203 
Ethical approval and consent  204 
Ethical approval was obtained from the Optometry Research & Ethics 205 
Committee and written informed consent was obtained from all subjects, conforming 206 
to the tenets of the Declaration of Helsinki. 207 
 208 
Statistical analysis 209 
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All statistical analyses were performed using SPSS version 19.0 for Windows 210 
(SPSS Inc., Chicago, USA). Values in the text and tables are presented as the mean 211 
± standard deviation (SD). Kolmogorov-Smirnov tests revealed no significant 212 
deviation from a normal distribution for MPOD at different spatial locations. 213 
Independent student t tests and one-way between-groups analysis of variance 214 
(ANOVA) analyzed the differences between the ethnic groups, gender, and smoking 215 
status. The Pearson Chi squared test and Mann-Whitney U test were used to assess 216 
any difference between categories and groups that showed an abnormal distribution. 217 
ANOVA was used to investigate any differences between the three different 218 
distribution profiles of MP. Statistical significance was accepted at the 95% 219 
confidence level (P < 0.05). Power statistics revealed that a sample size of 38, 19 220 
subjects per group, was needed to detect a standardized difference of 0.91, using 221 
80% power at 5% significance level.25 This calculation was based on an estimated 222 
significant mean difference in MPOD of 0.1 with group SDs of 0.11 (based on the 223 
average MAP test coefficient of repeatability; unpublished data 2010). 224 
225 
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Results 226 
Demographics between the ethnic groups, and mean MPOD measured at 227 
each eccentricity are summarized in Table 1. There was a significant difference 228 
between the two ethnic groups: the Asian group included fewer current smokers 229 
compared to the White group (P = 0.039). Age was not significantly correlated with 230 
central MPOD or any of the other spatial locations (r = -0.110; P = 0.35). Mean 231 
MPOD for individual eccentricities up to 2° showed a significant difference between 232 
the groups (Table 1). MPODav(0-1.8) (corresponding to integrated MPOD over the 233 
central 3.6 area) was significantly increased in Asian versus White subjects (t(71) = 234 
3.07; P = 0.003). The significant difference in MPODav up to 1.8° between ethnicities 235 
was maintained with smoking as a covariant (F(1,70) = 7.43; P = 0.008).  236 
237 
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Table 1. Demographics and MPOD results for all subjects and separate 238 
ethnic backgrounds. Independent t tests and chi-square tests were conducted to 239 
determine statistically significant differences in MP measurements between Asian 240 
and White participants. * Indicates statistical significance at the 0.05 level. 241 
 242 
 All Asian White p-value 
Number 73 54 19  
Age (years) 
Mean ± SD 
Range 
 
 
20.9 ± 3.2 
18-34 
 
22.4 ± 2.8 
16-28 
0.068 
Gender 
Male 
Female 
 
24 (33%) 
49 (67%) 
 
14 (26%) 
40 (74%) 
 
10 (53%) 
9 (47%) 
0.065 
Current smoker?           
Yes 
No 
 
8 (12%) 
65 (88%) 
 
3 (6%) 
51 (94%) 
 
5 (26%) 
14 (74%) 
0.039* 
 Mean ± SD MPOD (log units) 
MPOD 0° 0.53 ± 0.18 0.56 ± 0.17 0.45 ± 0.18 0.015* 
MPOD 0.8° 0.44 ± 0.14 0.46 ± 0.13 0.37 ± 0.14 0.010* 
MPOD 1.8° 0.19 ± 0.08 0.20 ± 0.09 0.14 ± 0.07 0.007* 
MPODav(0-1.8) 0.32 ± 0.10 0.34 ± 0.09 0.27 ± 0.10 0.003* 
 243 
244 
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Gender 245 
When the group was considered as a whole (n=73), females had higher 246 
central MPOD values (0.55 ± 0.19) compared to males (0.50 ± 0.16); however this 247 
difference was not statistically significant (t(71) = 1.25; P = 0.22). A one-way 248 
between-groups analysis was conducted to explore the impact of gender on 249 
MPODav(0-1.8) between the ethnicities. MPODav(0-1.8) did not show a statistically 250 
significant difference between Asian males, Asian females, White males, and White 251 
females (F(3,69) = 2.25; P = 0.06).  252 
 253 
Smoking status 254 
Among all participants, central MPOD was increased in non-smokers (0.54 ± 255 
0.18) when compared to current smokers (0.47 ± 0.17); however, this difference was 256 
not statistically significant (t(71) = 1.01; P = 0.32). Additionally, a one-way between-257 
groups analysis did not show a significant difference in MPODav(0-1.8) between 258 
smoking and non-smoking Asian and White subjects (F(3,69) = 2.69; P = 0.053).  259 
 260 
Spatial profiles 261 
When the group was considered as a whole, a typical exponential profile was 262 
seen in half of the group (n=37), while 36 participants showed a non-exponential (i.e. 263 
atypical) profile. A Pearson Chi-square test using the appropriate continuity 264 
correction indicated a statistically significant association between ethnicity and 265 
spatial profile type (χ2 (1, n=73) = 6.75, P = 0.009, Cramer’s V = 0.335). The results 266 
show that within ethnicities, 79% of White subjects presented an exponential profile 267 
in comparison to 41% of the Asian subjects (Figure 2). Ninety-eight percent of 268 
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participants showing an atypical profile were of Asian phenotype. We also observed 269 
an interesting relationship between the ethnicities and the three spatial profiles of MP 270 
as described in the Methods. When the group was considered as a whole, an 271 
exponential profile occurred in half the group, a ring in 30% of the group and the 272 
central dip profile was present in 19% of the subjects. Furthermore, 82% of subjects 273 
showing a ring and 100% of subjects showing a central dip profile were of Asian 274 
descend (Figure 2). Pearson Chi-square test indicated a statistically significant 275 
association between ethnicity and spatial profile type (χ2 (2, n=73) = 9.68, P = 0.008, 276 
Cramer’s V = 0.364).  277 
278 
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Figure 2. The frequency of spatial profile types. The upper graph shows typical 279 
exponential versus atypical MP spatial profiles as a percentage of each ethnic group. 280 
The lower graph shows the prevalence of ethnicity within each of the spatial profile 281 
groups. On the right side, the prevalence of individual atypical profiles (ring and 282 
central dip) is shown for both ethnic groups. Error bars represent the 95% 283 
confidence interval for proportions. 284 
 285 
 286 
287 
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 We explored the relationship between spatial profile type and MPOD at 288 
individual spatial locations up to 2° and MPODav(0-1.8) (Table 2). MPODav(0-1.8) 289 
was significantly increased in participants that showed an atypical when compared to 290 
an exponential spatial profile (t(71) = -4.56; P < 0.0005). This was also true for 291 
MPOD at 0.8° and MPOD at 1.8°, but not for central MPOD (t(67) = -1.35; P = 0.19). 292 
When the same analysis was conducted for each ethnicity, identical statistically 293 
significant results were found for the Asian subjects but not for the White subjects. 294 
ANOVA showed statistically significant differences for all MPOD values (Table 2) 295 
when all three spatial profiles (exponential, ring, and central dip) were considered, 296 
with the exception of central MPOD (P = 0.43). Post-hoc analysis using the Tukey 297 
HSD test indicated that the mean MPODav(0-1.8) for the exponential profile group 298 
(0.28 ± 0.09) was significantly decreased compared to the MP ring group (0.35 ± 299 
0.08) and the central dip group (0.39 ± 0.09), but not between the two atypical profile 300 
groups. This was also true for MPOD at 0.8°. Interestingly, mean MPOD at 1.8° for 301 
the exponential group (0.16 ± 0.06) was not significantly different from the ring group 302 
(0.19 ± 0.08), but they were both significantly decreased from the subjects in the 303 
central dip group (0.27 ± 0.10; P < 0.0005).  304 
305 
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Table 2. Summary of MPOD values per spatial profile type for all participants. * 306 
Indicates statistical significance at the 0.05 level; † Statistically significantly different 307 
from ring-like profile; ‡ Statistically significantly different from central dip profile. 308 
 309 
 
Typical 
exponential 
N=37 
 
Atypical 
N=36 
 
P value 
 
Mean ± SD MPOD (log units) 
 
MPOD 0° 0.51 ± 0.20 0.56 ± 0.15 0.19 
MPOD 0.8° 0.36 ± 0.13 0.52 ± 0.11 < 0.0005* 
MPOD 1.8° 0.16 ± 0.06 0.22 ± 0.09 0.003* 
MPODav(0-1.8) 0.28 ± 0.09 0.37 ± 0.08 < 0.0005* 
 
Typical 
exponential 
N=37 
 
MP ring 
N=22 
 
Central dip 
N=14 
 
 
Mean ± SD MPOD (log units) 
 
MPOD 0° 0.51 ± 0.20 0.57 ± 0.16 0.55 ± 0.14 0.43 
MPOD 0.8° 0.36 ± 0.13 †,‡ 0.52 ± 0.11 0.51 ± 0.11 < 0.0005* 
MPOD 1.8° 0.16 ± 0.06 ‡ 0.19 ± 0.08 ‡ 0.27 ± 0.10 < 0.0005* 
MPODav(0-1.8) 0.28 ± 0.09 †,‡ 0.35 ± 0.08 0.39 ± 0.09 < 0.0005* 
 310 
311 
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Discussion 312 
Consistent with previous studies,18, 26 we found increased central MPOD in 313 
Asian (0.56 ± 0.17) versus White subjects (0.45 ± 0.18; t(71) = 2.50; P = 0.015). This 314 
is in agreement with the work of Howells et al. where an average of 0.43 ± 0.14 in 315 
117 Asian and 0.33 ± 0.13 in 52 White subjects was reported.18 Overall, their slightly 316 
lower average MPOD values compared to the present study are possibly due to the 317 
different HFP instruments used. However, the difference in central MPOD values 318 
between the ethnicities is similar between the studies. In contrast, Raman et al. 319 
reported a mean central MPOD (at 0.25° retinal eccentricity) of 0.63 ± 0.16 in 60 320 
Asian subjects aged 20-29 years old, and 0.72 ± 0.22 in 60 Asian subjects age 30-39 321 
years old.26 These values are higher when compared to our results, which again may 322 
be due to the different HFP instruments. Furthermore, the Asian subjects were of 323 
South Indian origin living in India (Mumbai); however, similar to Howell’s study,19 the 324 
Asian subjects included in our study were of Indian, Pakistani, and Bangladeshi 325 
descent, the majority born and living in the UK (78%; 42 out of 54 Asian subjects). 326 
The country of origin and residence may be significant because of differences in diet. 327 
The traditional south Asian diet typically consisting of a diet rich in carotenoids may 328 
be altered after migration, particularly in the young or second generation Asians 27; 329 
this may contribute to the lower MPOD levels found in our group.  330 
The integrated transmittance of the MP between eccentricities was used to 331 
calculate the average MPOD up to 1.8°. Similar to central MPOD, mean MPODav(0-332 
1.8) was significantly increased in Asian (0.34 ± 0.09) compared to White subjects 333 
(0.27 ± 0.10; t(71) = 3.07; P = 0.003). Lower central MPOD has been associated with 334 
factors that may increase the risk of AMD, such as female gender 4, 7, 20, 21, 28, 29 and 335 
smoking.5, 28 The relationship between spatial profiles and ethnicities including 336 
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covariates such as gender and smoking status were difficult to establish in the 337 
present study due to the small sample size of each subgroup. Nonetheless, we did 338 
not find a gender association with MPOD, with central MPOD values of 0.55 ± 0.19 339 
for the females compared to 0.50 ± 0.16 for the males (P = 0.22).  340 
When the groups were analysed by ethnicity, a similar trend was found for 341 
both Asian and White participants. Previous studies of Asian subjects with a similar 342 
age range to our study have reported that males have higher mean MPOD than 343 
females.18, 26 One study found this to be statistically significant.18 The difference 344 
between MPODav(0-1.8) in non-smokers (0.33 ± 0.09) compared to smokers (0.27 ± 345 
0.11) did not reach statistical significance (P = 0.15). We note that the lack of a 346 
difference may be due to the small sample of smoking subjects (8 out of 73 subjects) 347 
and the short smoking history. 348 
Our data suggests that atypical profiles (i.e. ring and central dip) occur more 349 
frequently in Asian compared to White subjects (P = 0.009). The average integrated 350 
MPOD up to 1.8° was significantly increased in Asian subjects presenting with 351 
atypical (0.38 ± 0.08) versus exponential profiles (0.29 ± 0.10; t(52) = -3.86; P < 352 
0.0005). In White subjects, this finding was not significant (0.30 ± 0.07 and 0.26 ± 353 
0.10 respectively; t(17) = -0.85; P = 0.41). Therefore, it seems that an atypical spatial 354 
profile is a representative characteristic of the Asian group, and indeed may be 355 
considered ‘’typical’’ in this ethnic group. Since there was no significant difference 356 
between central MPOD in Asian (t(35) = -0.71; P = 0.48) or in White subjects 357 
presenting with an atypical profile compared to an exponential profile (t(17) = 0.26; P 358 
= 0.80), our results suggest that, compared to an individual MPOD measurement at 359 
a single retinal spatial location or an average of MPOD measurements at several 360 
retinal spatial locations, MPODav(0-1.8) provides a better representation of the 361 
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amount of MP present. Although some of the subjects show a sizable decrease in 362 
MPOD at the fovea, many others do not. In spite of large variability in MPOD caused 363 
by averaging MPOD over the area of the stimulus and the variability in fixation 364 
accuracy during the HFP test, the results using a small central target (i.e. 0.36° 365 
diameter) suggest that a ring-like profile is possible. However, the main conclusion of 366 
the study based on the measured differences in short wavelength transmittance over 367 
the centre 3.6° has become more significant by analyzing the results in terms of area 368 
weighted central transmittance. 369 
This is the first comparative study to investigate MP spatial profiles in Asian 370 
and White subjects. Several studies have reported on the different spatial 371 
distributions of MP; however there is little consensus on the definition of an atypical 372 
profile. Additionally, there are various methodologies used to measure MP density 373 
and results are consequently not always interchangeable. The spatial profile of MP is 374 
normally described as following an exponential decline, although 20-50% of the 375 
population in studies where MP is measured by HFP and objective imaging 376 
techniques have shown a deviation from the exponential curve at 0° or at a location 377 
away from the central fovea.10, 15, 16 The lack of spatial resolution in the measurement 378 
of central MPOD can be largely attributed to the size of the central target, as well as 379 
the subject’s ability to maintain steady fixation. In comparison to other HFP 380 
techniques, the MAP test aims to minimize this effect by employing a very small 381 
central (0.36°) and static peripheral stimuli. A non-exponential spatial profile was 382 
found in 21% (4 out of 19) White subjects and 59% (32 out of 54) Asian subjects. 383 
Atypical profiles have been previously defined as those not exhibiting a typical 384 
exponential profile but showing either a annulus of higher MP or ring, where the 385 
central peak is surrounded by a ring of increased density,15 or a central dip (i.e. 386 
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MPOD at 0.25° not visually exceeding MPOD at 0.5°,13 or MPOD at 0.25° not 387 
exceeding MPOD at 0.5° by more than 0.04 optical density units 30). The presence of 388 
a MP ring has been found significantly increased in ethnicities with low AMD 389 
prevalence,17 suggesting it may enhance the MP’s protective role. Wolf-390 
Schnurrbusch et al. showed significantly increased frequency of a parafoveal ring (P 391 
< 0.0001) and central MPOD (P < 0.0001) in African subjects, when compared to 392 
non-Hispanic white subjects.17 In contrast, since increased prevalence of a central 393 
dip was found to be associated with increased age and smoking, it was proposed 394 
that a central dip decreased the protective role of MP.11  395 
Interestingly, when we considered the atypical spatial profiles in all 396 
participants, we found that MPOD values at 0.8° and 1.8° and MPODav(0-1.8) were 397 
increased in the profiles showing a ring or central dip, compared to the exponential 398 
profile. Table 2 shows that this was statistically significant, with the exception of 399 
central MPOD. There was no difference in central MPOD between the exponential, 400 
ring and surprisingly, the central dip profile groups. Unexpectedly, the mean MPOD 401 
at 1.8° for the group presenting a ring was not significantly different from the 402 
exponential group, but was significantly lower than for the central dip group (P < 403 
0.0005). These results show that the central dip profile has more MPOD at or close 404 
to the location where the MP ring profile shows its additional peak. It seems that a 405 
central dip has not ‘lost’ its peak, but possibly broadened its lateral distribution. We 406 
therefore propose that the presence of a central dip profile may actually offer 407 
increased integrated MPOD up to 1.8° and therefore increased macular protection 408 
from harmful blue light. Moreover, our data suggests that there may be a disparity in 409 
the occurrence of MP spatial profiles amongst ethnicities. Not only were atypical 410 
spatial profiles more frequently present in Asian subjects (P = 0.008), but also the 411 
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central dip was entirely absent in White subjects. This implies that there may be 412 
need for sub-classification of MP spatial profiles other than typical (i.e. exponential) 413 
versus atypical, as previously suggested by Berendschot and van Norren.10 414 
Additionally, we propose using exponential versus non-exponential profile types, 415 
since atypical profiles for some ethnicities may represent typical characteristics for 416 
that group. 417 
Considering previous reports of dietary differences between ethnicities,31, 32 418 
our data supports the hypothesis that the central dip could be the result of a high 419 
conversion of lutein to meso-zeaxanthin 33, 34 resulting in an increased MPOD at the 420 
0.8° and 1.8° locations. Additionally, there is supporting evidence that lutein and 421 
zeaxanthin supplementation increases MPOD in the human foveal and parafoveal 422 
areas.35-37 The distribution of zeaxanthin (centrally) and lutein (more peripherally) 423 
within the macula may suggests that an exponential or atypical ring profile represent 424 
a relative enrichment of zeaxanthin, while an atypical central dip profile represents a 425 
relative enrichment of lutein. However, Zeimer et al. suggested that lutein and 426 
zeaxanthin supplementation in AMD and control subjects might amplify, not create, 427 
atypical MP spatial profiles.38 A limitation of our study was that we did not measure 428 
lutein and zeaxanthin dietary intake. Neither could we relate these differences in 429 
spatial profiles to the iris colour, or family history of AMD, since we did not collect this 430 
data. While not controlled for in our study, iris colour and dietary intake of 431 
carotenoids may be the largest source of variation between our two groups. 432 
Nonetheless, our results have shown an uneven distribution of MP spatial profile 433 
types between White and Asian subjects, which confirms the need for wider scale 434 
studies including other ethnic phenotypes, iris colour, and dietary intake of 435 
carotenoids.  436 
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 437 
Conclusions 438 
This is the first study to investigate the prevalence of different MP spatial 439 
distributions for Asian and White subjects. Our results show that central MPOD was 440 
significantly increased in our 54 Asian subjects, compared to 19 White subjects of 441 
similar age. We classified spatial distributions of macular pigment into typical 442 
exponential and atypical (non-exponential) profiles. Atypical profiles were 443 
significantly more prevalent in Asian compared to White subjects. Additionally, we 444 
noted that ring and central dip spatial profiles varied between the ethnicities, 445 
whereby the prevalence of central dip was significantly increased in Asian group. 446 
Additionally, integrated MPOD up to 1.8° was significantly increased in a central dip 447 
compared to an exponential profile. This suggests that, similar to a MP ring, a central 448 
dip represents enhanced retinal protection from harmful blue light.  449 
 450 
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